Abstract-Stir cast Al 7075120%SiCp composites were subjected to compression testin g at strain rates and temperatures ran g in g from 0.001 to 1.0 s' / and from 300 to 500°C respectively. The associated microstructural transformations and instability phenomena were studied by observations of the optical electron microscope. The power dissipation e f ficiency and instability parameter were calculated by usin g the dynamic material model and plotted with the temperature and lo g arithm of strain rate to obtain processin g maps for strains of 0.5. The domain of hi g her efficiencies corresponds to dynamic recrystalli:.ation durin g the hot deformation. Usin g the processin g maps, the optimum processin g parameters can be identified for effective hot deformation of AI 7075120%SiCp composites.
INTRODUCTION
AI-based particulate reinforced metal matrix composites (MMC) are recognized as an important class of engineering material due to their lightweight and superior mechanical and thermal properties [1] [2] [3] [4] [5] . However, the MMC exhibits poor ductility at room temperature due to the presence of brittle ceramic particles [6, 7] . Further studying has found that the MMC can be formed by thermo mechanical processing [8] [9] [10] . In order to obtain favorable microstructure and required properties, better control of forming processes is rather essential. The results show that the flow behavior of composite is in direct correlation with the strain rates, temperatures and deformation degree [11, 12] . Therefore, the optimization of the technical parameters will become complicated.
The Processing map based on the theory of dynamic materials model (DMM) is firstly developed by Gegel and
Prasad et al and has become a powerful technology for researching the hot-working process of materials [13] . It bridges the continuum mechanics of large plastic deformation and the development of dissipative microstructures in plastic deformation process. It depicts some special microstructural deformation mechanisms, avoid flow instability, optimize deformation process parameters and obtain desired microstructures and properties.
The P-map thus provides rationales for process optimization, product property assurance, microstructure control and defect avoidance [13] . In this paper, the P-map technology is employed to investigate Al 7075/20%SiC composites during hot compression at a constant strain rate are conducted. The
Processing maps for this alloy are then constructed. Using the Processing maps together with the characterization of microstructure evolution of the alloy in deformation process, the optimal process parameter is identified. The research provides basics and fundamentals for process parameter determination and product quality control in development of Al composites products.
In DMM, a material during hot working is considered as a nonlinear power dissipation system. The power P (per unit volume) absorbed by work piece in plastic flow process contributes to two types of power consumption. One contributes to the plastic deformation, which in turn leads to the temperature increase in work piece; the other to microstructure evolution. These two dissipation powers are designated as G and J, respectively. The G and J are complementary functions and their relationship is represented as [14] [15] [16] .
Where m is the strain rate sensitivity factor, which determines the power distribution of P in between the G and J.
In the above equations, G represents the power dissipation of plastic deformation, while J is related to the power needed in microstructure evolution including dynamic recovery, dynamic recrystallization, void formation, and the internal crack generation (wedge cracking, intercrystalline cracking, etc.) in plastic deformation process.
For an ideal linear dissipater, m is equal to 1. J would have the maximum value and Jmax=P/2. This leads to the definition of a dimensionless parameter and the so-called efficiency of power dissipation, 11, given by:
The change of 11 with strain rate 8 and deformation temperature constitutes a map called power dissipation map.
Its iso-efficiency contours map delineates the variation of the ISBN: 978-81-909042-2-3 ©2012 IEEE efficiency of power dissipation as a function of s and deformation temperature. The contours represent the constant efficiency of power dissipation, which is directly related to the relative rate of entropy production in the system by the evolution of microstructure [14] . It also represents the rate of microstructure change in plastic deformation process and the contour is thus termed as the microstructural trajectories. Generally, the high Yl zone matches the good workability area in the iso-efficiency contours map.
The power dissipation J has a relationship with microstructure evolution and represents the power dissipation in metallurgical evolution process, and the following continuous instable criterion between temperature and strain rate is generated [5, 17] :
The above instability criterion has the physical meaning that if the system is not able to generate entropy at a rate that at least matches the imposed rate, the system will localize the . Therefore, it is observed that the flow stress is in direct correlation with the strain rates. The variation of stress is related to a variation in dislocation density as well as the formation and development of sub grain boundaries, which result from work hardening and softening mechanism. At lower strain rates, the deformation is isothermal but at high strain rates it is adiabatic [25] . This phenomenon at higher strain rate deformation is the consequence of the inadequate heat dissipation. Further, this leads to an increase in work hardening rate at higher strain rate deformation. However, at lower strain rate, the strain hardening is almost compensated by softening due to higher temperature. Hence, near steady state flow curve is observed. The interface cracking observed at 500°C with the strain rate of 1.0s· 1 is shown in Fig.7 . The presence of SiC particles in aluminum matrix during deformation causes the interface to crack since the matrix undergoes plastic flow while the particles do not deform [29] .As a result, the accumulated stress will emerge at the interface between the matrix and the particles. When the accumulated stress becomes large, the interface may separate at relatively lower ISBN: 978-81-909042-2-3 ©2012 IEEE temperature and higher strain rates. The particle breakage is due to accumulated stress at the interface exceeding the yield stress of the particle; hence, this results in particle breakage [28] . Fig.7 . SEM image of interface cracking at 500°C and a strain rate of 1.0S· 1
It is concluded that with increasing strain, the flow instability manifestation of composites becomes more significant at higher stain rate, owing to increased defects such as particle fracture, debonding and adiabatic shear band.
The stable deformation mechanisms include elongation and DRX. The occurrence of DRX at higher temperatures and moderate strain rate deformation results in flow stress decreasing in those deformation ranges. 2) The optimum processing parameters attained by the maps are the temperature and strain rate ranges of 445°C -485°C and 0.018 s· I -0.16 S· I respectively. Dynamic recrystallization (DRX) observed at 450°C with strain rate of 0.1 S· I .
3) The processing maps present the instability zones at higher strain rate and with increasing strain, the instability zones enlarge. The microstructural examination shows that composites exhibit flow localization as bands of flow localizations, the interface cracking and particle breakage.
